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Description 

[0001 ] The present invention relates to the field of the modification of synthetic fibers used in the production of yarns 
used for the production of fabrics, textiles, rugs. and other consumer items. More specifically, the present invention 
6 relates to the enzymatic modification of the characteristics of a polyester fiber so that such polyesters are more sus- 
ceptible to post-modification treatments. 

State of the Art 

10 [0002] Polyesters are manufactured synthetic compositions comprising any long chain synthetic polymer composed 
of at least 85% by weight of an ester of a substituted aromatic carboxylic acid , including but not restricted to substituted 
terephthalic units and parasubstituted hydroxybenzoate units. The polyester may take the form of a fiber, yam, fabric, 
film, resin or powder. Many chemical derivatives have been developed, for example, polyethylene terephthalate (PET), 
polytrimethylene terephthalate (PTT), polybutylene terephthalate (PBT) and polyethtlene naphthalate<PEN). However, 

15 PET is the most common linear polymer produced and accounts for a majority of the polyester applied in industry today. 
[0003] Thermoplastic polyester can be selectively engineered in any of the basic processing steps of polymerization 
and fiber formation. This flexibility and range of properties allows for a wide range of products to be made from polyester 
for markets such as the apparel, home furnishing, upholstery, film, rigid and flexible container, non-woven fabric, tire 
and carpet industries. As a result, polyester has become the dominant reinforcement fiber in the United States. More- 

20 over, while over the past 30 years cotton has continued slow, steady growth of volume consumed and wool has been 
virtually flat, polyester has begun to take on increased significance. Moreover, polyester has reached a high level of 
consumer acceptance due to its strength and the increasing quality and variety of fabrics that can be made using such 
fibers. Other polyester markets such as fiber-fill and non-woven articles continue to grow. 

[0004] In the textile industry, polyester has certain key advantages including high strength, soft hand, stretch resist- 
25 ance, stain resistance, machine washability, wrinkle resistance and abrasion resistance. However, polyester is not so 
optimal in terms of its hydrophobicity, pilling, static, dyeability, inactive surface as a medium for adhering, i.e., softening 
or wettability enhancing compounds, and lack of breathability. Moreover, in the 1960's and 1970's, polyester textiles 
suffered from poor consumer perception and was synonymous with the phrase "cheaply made" and derided for the 
horrendous colors with which polyester was associated. This latter problem is due in large part to the unavailability of 
30 a large selection of dyes which are compatible with polyester. To combat this perception, the industry has made strong 
efforts to improve the characteristics of polyester. 

[0005] One of the problem areas that the industry has sought to improve involves the characteristic that polyester is 
very resistant to uptake of polar or charged compositions, i.e., fabric softeners, finishes and dyes. In the past, many 
synthetic fibers such as those of cellulose acetate, cellulose triacetate, acrylonitrile, polyesters, polyamides and poly- 

35 hydrocarbon polymers were thought not to be satisfactorily dyed with basic dyes nor with cotton dyes. Current methods 
for dyeing polyester include replacing chemical substitution of terephthalate with compounds such as isophthalate and 
sulfo-isophthalate which improve the uptake of the dye, improving chemical penetration of the dyes by using high 
temperature, emulsified aromatic and/or chlorinated aromatic solvents, adding colorant to the molten polyester, and 
the use of cross-linking polymers to glue the pigment to the fabric. U.S. Patent No. 3,381,058 discloses a method of 

40 making a poly( 1 ,4-cyclohexylenedimethylene terephthalate) fiber having non-fiber forming polyester dispersed therein 
for the purpose of improving dyeability. Similar objects are achieved by methods described in U .S. Patent No. 3,057,827 
(preparing a high molecular weight linear condensation copolyester from linear polyester forming compounds with an 
essential component of a sulfinite radical) and U.S. Patent No. 3,018,272 (preparing compounds comprising a polyester 
using a metallic salt of a sulfonate). 

45 [0006] Another problem with polyester relates to the difficulty of removing oily and/or hydrophobic stains. These 
stains often adhere strongly to the fabric or fiber and cause a permanent stain. 

[0007] Thus, methods for improving the surface characteristics of polyester have been developed in an attempt to 
improve the dyeing, stain resistance and other properties associated with the strongly hydrophobic nature of the pol- 
yester. For example, chemical methods such as nucleophilic substitution via nucleophile attack at the ester carbonyl 

so or hydrolysis; surface polymerization by crosslinking a topical finish to either the fiber or the fabric; chemical penetration 
of the polyester polymer with aromatic compounds; and topical application of a surface coating from an aqueous solution 
which has affinity for the polyester. Nonetheless, these processes often have inherent deficiencies such as cost of 
chemicals, energy and capital equipment, the use of environmentally unsafe solvents, limited flexibility and negative 
effects on strength of the material and other aesthetic properties of the fabrics. 

55 [0008] GB 229601 1 A discloses enzymes naturally produced by a fungus of the species Fusarium solanii var. minus 
T.92.637/1 , including a cutinase of isoelectric point 7.2 and mol. wt. 22 kDa. which are useful in detergent compositions 
for removing fatty acid-based dirt and stains. 

[0009] US 5512203 discloses cleaning compositions comprising a cutinase enzyme and a polyesterase compatible 
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surfactant. The microbial cutinase is from Pseudomonas mendocina and is used in an improved method for enzymat- 
ically cleaning a material having a cutin or cutin-like stain. 

[0010] PCT Publication No. WO 97/43014 (Bayer AG) describes the enzymatic degradation of pblyesteramide by 

treatment with an aqueous solution comprising an esterase, lipase or protease. 
5 [0011] JP 5344897 A (Amano Pharmaceutical KK) describes a commercial lipase composition which is dissolved in 

solution with an aliphatic polyester with the result that the fiber texture is improved without losing strength. Polymers 

of aliphatic polyethylene are also disclosed which can be degraded by lipase from Pseudomonas spp.. 

[0012] PCT Publication No. 97/33001 (Genencor International, Inc.) discloses a method for improving the wettability 

and absorbance of a polyester fabric by treating with a lipase. 
10 [0013] PCT Publication No. WO 99/01 604 (Novo Nordisk) describes a method for depilling a polyester fiber or fabric 

and for color clarification of such fabrics by reacting with an enzyme which has either ethyleneglycol dibenzyl ester 

(BEB) and/or terephthalic acid diethyl ester (ETE) hydrolytic activity. 

[0014] PCT publication No. WO 00/34450 (Novo Nordisk A/S) describes certain variants of fungal cutinases from 
Humicola insolens of Fusarium solani pisi having improved thermostability. Use of such cutinases in improving the 
15 functional finish of a PET-containing yarn or fabric by a treatment with the cutinase variant is described. 

[001 5] PCT publication No. WO 97/27237 (Novo Nordisk A/S) describes a process for enzymatic hydrolysis of cyclic 
oligomers of polyethylene terephthalate). The hydrolytic process described takes place in a textile finishing step in- 
volving treatment of the yarn after it has been dyed and knitted into cloth. A cutinase may be used as a biopolyester 
hydrolytic enzyme. 

20 [0016] While advances have been achieved in the field of improving the quality of polyester, the industry remains in 
need of additional methods of producing polyesters with improved characteristics. 

SUMMARY OF THE INVENTION 

25 [001 7] It is an object of the present invention to provide for a method of modifying the surface properties of a polyester 
fiber or article to enable improved subsequent modification thereof. 

[001 8] It is a further object of the invention to provide for a method of modifying the surface properties of a polyester 
fiber or article such that the fiber or article has improved characteristics with respect to uptake of cationic compounds. 
[0019] It is yet a further object of the invention to provide for a polyester fiber or article having improved ability to 
30 uptake a dye. 

[0020] It is yet a further object of the invention to provide for a method of producing a polyester fiber having improved 
performance characteristics such as, dyeability, chemical modification and/or fabric finishing. 
[0021] It is yet another object of the invention to provide for a method of treating a polyester enzymatically, wherein 
the polyester is subsequently treated with organic acids so as to further increase the hydrophilicity and/or charge of 
35 the surface and thereby improve the uptake of cationic compounds and/or the stain resistance of the fabric. 

[0022] It is yet another object of the invention to provide for a method of treating a polyester enzymatically, wherein 
the polyester is capable of reacting and forming bonds to a greater extent with chemicals which will react and form 
bonds with alcohols and carboxylic acids. 

[0023] According to the present invention, a method is provided for modifying the surface of a polyester article com- 
40 prising treating said polyester article with an enzyme having polyesterase activity for a time and under conditions such 
that the chemical properties of the surface are modified to produce a surface modified polyester. Preferably, the surface 
modified polyester article obtained is subjected to further treatment, the benefit of which treatment has been improved 
by the enzymatic surface modification. In one preferred embodiment, the enzymatically surface modified polyester 
article is reacted with a chemical reagent to form a non-covalent interaction between the surface of the polyester and 
45 the reagent. In another preferred embodiment, the enzymatically surface modified polyester is reacted with a chemical 
reagent to form a covalent bond between the polyester and the reagent or another compound. In this embodiment, it 
is possible to enzymatically form such a bond. 

[0024] A preferred covalent interaction between the chemical reagent and the surface modified polyester of the 
invention comprises treating the polyester with a chemical resulting in a further increase in hydrophilic groups on the 

50 surface of the composition. Another preferred covalent interaction comprises further derivatizing chemically or enzy- 
matically the surface of a polyester with a reagent which carries a desired functionality, for example, color or dye, 
antimicrobial , antiperspirant, deodorant, anti-stain or fabric finishing activity. An especially preferred covalent interaction 
comprises treating the surface modified polyester article with a dye to form a dye-polyester covalent bond. 
[0025] A preferred non-covalent interaction between the chemical reagent and the surface modified polyester of the 

55 invention comprises treating the polyester with a dye which forms a non-covalent bond with the polyester. Other pre- 
ferred non-covalent interactions comprise treating the surface of the surface modified polyester with a reagent which 
carries a desired functionality, for example, color or dye, anti-staining, antimicrobial, antiperspirant, deodorant or fabric 
finishing activity. 
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[0026] In a method embodiment of the invention, a method for improving the uptake of a cationic compound onto a 
polyester article starting material is provided comprising the steps of obtaining a polyesterase enzyme; contacting said 
polyesterase enzyme with the polyester article starting material under conditions and for a time suitable for the poly- 
esterase to produce surface modification of the polyester article starting material and produce a surface modified 
5 polyester; and contacting the modified polyester article, subsequently or simultaneously with the enzymatic treatment 
step, with a cationic compound whereby adherence of the cationic compound to the modified polyester is increased 
compared to the polyester starting material. Preferably, the polyesterase is contacted with the polyester article in con- 
junction with a surfactant. 

[0027] In a method embodiment of the invention, a polyester article is produced according to the method of the 
10 invention; Preferably, the polyester article has improved dye uptake, antimicrobial activity, resistance to stains, anti- 
perspirant, deodorant, finishing, hydrophilicity, wettability, and/or ability to uptake other cationic compounds compared 
to the same polyester except for not being enzymatically treated. In a most preferred embodiment, the polyester article 
is dyed with a cationic dye. 

15 BRIEF DESCRIPTION OF THE DRAWINGS 

[0028] 

Figure 1 illustrates the effect of polyesterase treatments on the dyeability of Dacron 54. 
20 Figure 2 illustrates the effect of polyesterase treatments on the dyeability of Dacron 64. 

DETAILED DESCRIPTION OF THE INVENTION 

[0029] According to the present invention, a method is provided for modifying the surface of a polyester article com- 
25 prising treating said polyester article with a polyesterase enzyme for a time and under conditions such that the chemical 
properties of the surface are modified to produce a surface modified polyester. Preferably, the surface modified poly- 
ester article obtained is subjected to further treatment, the benefit of which treatment has been improved by the enzy- 
matic surface modification. In one preferred embodiment, the enzymatically surface modified polyester article is reacted 
with a chemical reagent to form a non-covalent interaction between the surface of the polyester and the reagent. In 
30 another preferred embodiment, the enzymatically surface modified polyester is reacted with a chemical reagent to form 
a covalent bond between the polyester and the reagent or another compound. 

[0030] A preferred covalent interaction between the chemical reagent and the surface modified polyester of the 
invention comprises treating the polyester with a chemical resulting in a further increase in hydrophilic groups on the 
surface of the composition. Another preferred covalent interaction comprises further derivatizing chemically or enzy- 

35 matically the surface of a polyester with a reagent which carries a desired functionality, for example, color or dye, 
antimicrobial, antiperspirant, deodorant, anti-stain or fabric finishing activity. An especially preferred covalent interaction 
comprises treating the surface modified polyester article with a dye to form a dye-polyester covalent bond. 
[0031] A preferred non-covalent interaction between the chemical reagent and the surface modified polyester of the 
invention comprises treating the polyester with a dye which forms a non-covalent bond with the polyester. Other pre- 

40 ferred non-covalent interactions comprise treating the surface of the surface modified polyester with a reagent which 
carries a desired functionality, for example, color or dye, anti-staining, antimicrobial, antiperspirant, deodorant or fabric 
finishing activity. 

[0032] In a method embodiment of the invention, a method for improving the uptake of a cationic compound onto a 
polyester article starting material is provided comprising the steps of obtaining a polyesterase enzyme; contacting said 

45 polyesterase enzyme with the polyester article starting material under conditions and for a time suitable for the poly- 
esterase to produce surface modification of the polyester article starting material and produce a surface modified 
polyester; and contacting the modified polyester article, subsequently or simultaneously with the enzymatic treatment 
step, with a cationic compound whereby adherence of the cationic compound to the modified polyester is increased 
compared to the polyester starting material. Preferably, the polyesterase is contacted with the polyester article in con- 

50 junction with a surfactant. 

[0033] In a method embodiment of the invention, a polyester article is produced according to the method of the 
invention. Preferably, the polyester article has improved dye uptake, antimicrobial activity, resistance to stains, anti- 
perspirant, deodorant, finishing, hydrophilicity, wettability, and/or ability to uptake other cationic compounds compared 
to the same polyester except for not being enzymatically treated. In a most preferred embodiment, the polyester article 

55 is dyed with a cationic dye. 

[0034] "Polyester" as used herein means a linear polymeric molecule containing in-chain ester groups and which 
are derived from the condensation of a diacid with a diol or from the polymerization of hydroxy acids. The present 
invention applies to both aliphatic and aromatic polyesters. However, particularly preferred are aromatic polyester 
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articles which are used to produce fiber and resin and that comprise a synthetically produced long chain polymer 
comprising at least 85%, preferably at least 90% and most preferably at least 95%, by weight of an ester of a substituted 
aromatic carboxylic acid, such as substituted terephthalic acid or parasubstituted hydroxybenzoate. Other useful pol- 
yester articles include those made of bulk polymer, yarns, fabrics, films, resins and powders. The principal polyesters 
s in industrial usage include polyethylene terephthalate (PET), tetram ethylene terephthalate (PTMT), polybutylene ter- 
phthalate (PBT), polytrim ethylene terephthalate (PTT) and polyethylene naphthalate (PEN), polycyclohexanedimeth- 
ylene terephthalate (CHDMT), poly(ethylene-4-oxybenzoate) A-Tell, polyglycolide, PHBA and 2GN. Polyester as used 
herein may take the form of fiber, yarn, fabric, textile article, or any other composition wherein polyester fibers, yarns 
or fabrics are employed. 

10 [0035] "Polyesterase" means an enzyme that has significant capability to catalyze the hydrolysis and/or surface 
modification of PET. Specifically, Applicants have discovered that enzymes which have hydrolytic activity against PET 
under the conditions provided in the UV and MB assays provided in Example 1 (a) and 1 (b) (referred to herein as the 
"UV Assay" and the "MB Assay" respectively) are useful in the treatment of polyester resins, films, fibers, yarns and 
fabrics to modify the properties thereof. Accordingly, the assays provided in Example 1 (a) and 1 (b) may be used to 

is isolate polyesterase enzymes and/or determine the polyesterase activity of an enzyme. 

[0036] Applicants have surprisingly found that enzymes according to the present invention represent a subclass of 
enzymes which have significant activity against polyester and are capable of producing improved surface modification 
effects. By contrast, enzymes defined by prior art assays appear to be more general and to have a greater instance 
of false positive results. Assays designed to measure hydrolysis of mono- and di-ester units, such as the assays meas- 

20 uring ETE and BEB hydrolysis described in WO 99/01604, are useful in identifying a large number of enzymes, some 
of which may fortuitously have useful polyesterase activity. However, these assays are based on hydrolysis of mono- 
and di-ester molecules. As a consequence, these results are often not predictive of the likelihood that a specific enzyme 
will successfully modify the surface of long chain polyesters. Example 1 (d) shows that assays designed on small 
molecule hydrolysis will broadly include enzymes which are useful against the mono- and di-ester molecules while not 

25 predicting with accuracy whether such enzymes have activity against large repeating polymer fibers such as long chain 
polyesters. 

[0037] Thus, the polyesterase enzymes of the present invention will produce a positive result according to one or 
both of the polyesterase assays described herein. The activity of the enzymes of the invention in solution will produce 
an absorbance of at least 10% above the control blank, preferably 50% and most preferably 100% greater than the 

30 control blank. In a most preferred embodiment, the polyesterase enzymes of the invention will produce a positive result 
in both assays which is at least double the increase in absorbance reading of the blank sample. 
[0038] Suitable polyesterases may be isolated from animal, plant, fungal and bacterial sources. With respect to the 
use of polyesterases derived from plants, polyesterases may exist in the pollen of many plants. Polyesterases may 
also be derived a fungus, such as, Absidia spp.; Acremonium spp.; Agaricus spp.; Anaeromyces spp.; Aspergillus spp., 

35 including A. auculeatus, A. awamori, A, flavus, A. foetidus, A. fumaricus, A. fumigatus, A. nidulans, A. niger, A. oryzae, 
A. terreus and A. versicolor; Aeurobasidium spp.; Cephalosporum spp.; Chaetomium spp.; Cladosporium spp.; Copri- 
nus spp.; Dactyllum spp.; Fusarium spp., including F conglomerans, F. decemcellulare, F.javanicum, F. lini, F.oxyspo- 
rum, F. roseum and F. solanl; Gliocladium spp.; Helminthosporum spp., including sativum; Humicola spp. t including H. 
insolens and H. lanuginosa; Mucor spp.; Neurospora spp., including N. crassa and N. sitophila; Neocallimastix spp.; 

40 Orpinomyces spp.; Penicillium spp; Phanerochaete spp.; Phlebia spp.; Piromyces spp.; Pseudomonas spp.; Rhizopus 
spp.; Schizophyllum spp.; Trametes spp.; Trichoderma spp., including T. reesei, T. reesei (longibrachiatum) and T. viride; 
and Ulocladium spp., including U. consortiale; Zygorhynchus spp. Similarly, it is envisioned that a polyesterase may 
be found in bacteria such as Bacillus spp.; Cellulomonas spp.; Clostridium spp.; Myceliophthora spp.; Pseudomonas 
spp., including P. mendocina and P. putida; Thermomonospora spp.; Thermomyces spp., including T. lanuginosa; Strep- 

45 tomyces spp., including S. olivochromogenes and S. scabies; and in fiber degrading ruminal bacteria such as Fibro- 
bacter succinogenes; and in yeast including Candida spp., including C. Antarctica, C. rugosa, torresii; C. parapsllosis; 
C. sake; C. zeylanoides; Pichia minuta; Rhodotorula glutinis; R. mucilaginosa; and Sporobolomyces holsaticus. 
[0039] "Textile" means any fabric or yarn or product which incorporates a fabric or yarn. Examples of textiles which 
may be treated with the present invention include clothing, footwear, upholstery, draperies, carpets, outdoor gear, ropes 

so and rope based products. As used in the present invention, textile includes non-woven fabrics used in, for example, 
the medical industry. 

[0040] In one embodiment, chemical compounds are reacted with the surface of the enzymatically treated polyester 
In one preferred embodiment, the chemical compounds are selected such that they form a covalent bond with the 
surface modified polyester and further increase the presence of hydrophilic groups on the surface of the polyester. 
55 Surface modification with polyesterase is believed to produce a profusion of new, exposed alcohol and carboxylate 
groups. According to the present invention, these groups are then susceptible to chemical or enzymatic derivatization 
with chemicals that are capable of further increasing the hydrophilicity and/or charge of the surface. Such compositions 
include organic acids such as acetate, carboxylate and succinate. Alternatively, the derivitized polyester will have an 
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improved capability of reacting with chemicals which react with carboxylic acids and/or alcohols, thus providing the 
opportunity to produce additional effects in the polyester. Acid anhydrides are one such set of chemicals. 
[0041] "Uptake- means, with respect to uptake onto polyester article as provided herein, the process of covalently 
or non-covalently binding a compound to the surface modified polyester article to obtain a specific effect, e.g., softening, 

5 dyeing, anti-static, anti-staining, antimicrobial, antiperspirant, deodorant or otherwise modifying the properties of the 
polyester fiber or fabric. As provided herein, the surface modified polyesters of the invention provide a superior substrate 
from which to add further benefits. Accordingly, the surface modified polyester compounds of the invention will permit, 
for example, improved dye binding to polyester over a similar polyester which differs only in that it has not been enzy- 
matically treated. As used herein, covalent binding means that a molecular bond is formed between the uptake com- 

10 position and the fiber, yarn or fabric. To the contrary, non-covalent binding means that the composition to be taken up 
is adhered to the fiber, yarn or fabric through mechanisms such as hydrogen bonding, van der Waals binding or other 
molecular interactions that do not comprise the formation of a molecular bond connecting the uptake composition and 
the fiber, yarn or fabric. 

[0042] In a particularly preferred embodiment, the compound covalently or non-covalently bound to the surface com- 
15 prises a "cationic compound." As used herein, cationic compound means any compound which has a cationic character 
and which adds a desirable attribute when bound to a polyester. Suitable cationic compounds for use with the present 
invention include: 

• Antimicrobial compounds such as cationic antimicrobial peptides and quaternary ammonium salts; 

• Surfactants having a cationic nature; 

• Fragrances; 

• Fabric softeners; 

• Dyes and pigments such as the cationic basic dyes listed in Analytical Methods for a Textile Laboratory, 3rd Edition, 
Ed. J.W. Weaver; 

• Fabric finishing; 

• Wetting agents 

• Biofunctional molecules which have medicinal effect in polyester medical implants or devices. 

[0043] "Fabric finishing compounds" or "fabric finishes" means compounds which improve the textile properties of a 
30 polyester fabric or yarn. Examples are compound which improve the softness, flame retardance, wrinkle resistance, 
absorbency, stain resistance, resistance to microorganisms or insects, resistance to ultraviolet light, heat and pollutants, 
shrink-proofing, abrasion and wear resistance, resistance to pilling, drape, insulating properties, pleat retention and/ 
or static resistance of polyester fabrics (see e.g., Textile Processing and Properties, Tyrone Vigo, Elsevier Science B. 
V. (1994)). 

35 [0044] "Treatment" means with respect to treatment with polyesterase the process of applying the polyesterase to 
. polyester article such that the enzyme is capable of reacting with the surface of the polyester article to increase the 
hydrophilicity thereof to such an extent that adherence of cationic compounds is significantly improved. Generally, this 
means that the polyesterase is mixed with the polyester article in an aqueous environment that facilitates the enzymatic 
action of the polyesterase. 

40 [0045] Treating according to the instant invention comprises preparing an aqueous solution that contains an effective 
amount of a polyesterase or a combination of polyesterases together with other optional ingredients including, for 
example, a buffer or a surfactant. An effective amount of a polyesterase enzyme composition is a concentration of 
polyesterase enzyme sufficient for its intended purpose. Thus, for example, an "effective amount" of polyesterase in 
a composition intended to improve dye uptake according to the present invention is that amount which will provide the 

45 desired effect, e.g., to improve the appearance of the dyed article in comparison with a similar method not using pol- 
yesterase. Similarly, an "effective amount" of polyesterase in a composition intended for improving the softness of a 
polyester fabric is the amount that, in combination with a fabric softening compound, produces measurable improve- 
ments in the softness compared to a similar process without the polyesterase. The amount of polyesterase employed 
is also dependent on the equipment employed, the process parameters employed, e.g., the temperature of the poly- 

so esterase treatment solution, the exposure time to the polyesterase solution, and the polyesterase activity (e.g., a par- 
ticular solution will require a lower concentration of polyesterase where a more active polyesterase composition is used 
as compared to a less active polyesterase composition). The exact concentration of polyesterase in the aqueous treat- 
ment solution to which the fabric to be treated is added can be readily determined by the skilled artisan based on the 
above factors as well as the desired result. However, it has been observed by the inventors herein that the benefit 

55 disclosed herein requires a relatively rigorous polyesterase treatment. Thus, the benefits described herein are not likely 
to be shown with modest concentrations of polyesterase and relatively short (less than one hour) treatment times. 
Nonetheless, it is possible that an engineered polyesterase or a polyesterase with exceptionally high activity on poly- 
ester could be obtained which would require less than 1 hour of treatment to reach the desired benefit levels and thus 
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fall within the scope of the present invention. Similarly, employing large amounts of polyesterase for short periods of 
time may also result in achievement of the benefits described herein. 

[0046] In a preferred treating embodiment, a buffer is employed in the treating composition such that the concentra- 
tion of buffer is sufficient to maintain the pH of the solution within the range wherein the employed polyesterase exhibits 

s the desired activity. The pH at which the polyesterase exhibits activity depends on the nature of the polyesterase 
employed. The exact concentration of buffer employed will depend on several factors which the skilled artisan can 
readily take into account. For example, in a preferred embodiment, the buffer as well as the buffer concentration are 
selected so as to maintain the pH of the final polyesterase solution within the pH range required for optimal polyesterase 
activity. The determination of the optimal pH range of the polyesterase of the invention can be ascertained according 

10 to well known techniques. Suitable buffers at pH within the activity range of the polyesterase are also well known to 
those skilled in the art in the field. 

[0047] In addition to polyesterase and a buffer, the treating composition will preferably contain a surfactant. Suitable 
surfactants include any surfactant compatible with the polyesterase being utilized and the fabric including, for example, 
anionic, non-ionic and ampholytic surfactants. Suitable anionic surfactants include, but are not limited to, linear or 

15 branched alkylbenzenesulfonates; alkyl or alkenyl ether sulfates having linear or branched alkyl groups or alkenyl 
groups; alkyl or alkenyl sulfates; olefinsulfonates; alkanesulfonates and the like. Suitable counter ions for anionic sur- 
factants include, but are not limited to, alkali metal ions such as sodium and potassium; alkaline earth metal ions such 
as calcium and magnesium; ammonium ion; and alkanolamines having 1 to 3 alkanol groups of carbon number 2 or 
3. Ampholytic surfactants include, e.g., quaternary ammonium salt sulfonates, and betaine-type ampholytic surfactants. 

20 Such ampholytic surfactants have both the positive and negative charged groups in the same molecule. Nonionic 
surfactants generally comprise polyoxyalkylene ethers, as well as higher fatty acid alkanolamides or alkylene oxide 
adduct thereof, and fatty acid giycerine monoesters. Mixtures of surfactants can also be employed in manners known 
to those skilled in the art. 

[0048] In a particularly preferred embodiment of the invention, it is desirable to add glycerol, ethylene glycol or poly- 
25 propylene glycol to the treating composition. Applicants have discovered that the addition of glycerol, ethylene glycol, 
or polypropylene glycol contributes to enhanced activity of the polyesterase on polyester. Applicants have determined 
that defoaming and/or lubricating agents such as Mazu® have a desirable effect on the activity of the polyesterase. 
[0049] In some embodiments, it may be desirable to adjust the parameters discussed above for the purpose of 
controlling the enzymatic degradation. For example, the pH can be adjusted at certain time points to extinguish the 
30 activity of the polyesterase and prevent undesirable excessive degradation. Alternatively, other art recognized methods 
of extinguishing enzyme activity may be implemented, e.g., protease treatment and/or heat treatment. 
[0050] As can be seen above, the present invention is useful in the preparation of laundry detergents. For example, 
it may be desirable to encourage the uptake of a cationic laundry adjuvant, i.e., a fabric softener or other such com- 
pounds which improve the feel, appearance or comfort of laundered fabrics. In this case, the present invention will 
35 provide for methods to modify the polyester during the wash cycle so as to encourage the uptake of the advantageous 
adjuvant. 

EXAMPLES 

40 Example 1 

[0051] This Example provides for two assays which identify polyesterase activity in a potential enzyme candidate. 
Preferably, the enzyme will show polyester hydrolysis activity in both assays. 

45 (A) Assay for Enzymatic Hydrolysis of Long Chain Polyester Polymer Fibers Based on Ultraviolet Light 
Absorbance (UV Assay) 

[0052] This assay monitors the release of terephthalate and its esters resulting from the enzymatic hydrolysis of 
polyester and measures the hydrolysis product by subjecting the sample to the UV spectrum and measuring absorb- 
so ance. 

Materials: 

[0053] Enzyme reaction buffer: 100 mM Tris, pH 8, optionally containing 0.1 % Brij®-35 
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Procedure: 
[0054] 

5 1. The polyester is washed with hot water and air dried. Applicants recommend and exemplify herein the use of 

such easily obtained standardized polyesters as Dacron® 54 woven polyester (from Testfabrics)(used in the de- 
scription below). However, it will often be preferable to use the specific polyester substrate for which modification 
is desired, e.g., fabric, powder, resin or film, thereby ensuring that the enzyme selected will have optimal activity 
on that specific substrate. In such case, it is merely necessary to substitute the desired polyester substrate for the 

10 below described Dacron. 

2. 16 mm (5/8-inch) circular swatches are cut from the Dacron® 54. 

3. The swatches are incubated in reaction buffer in sealed 12-well microtiter plates with orbital shaking at 250 rpm. . 
15 A typical reaction is 1 mL in volume, with 10 u.g enzyme. Three samples should be run: (1) substrate + buffer, (2) 

enzyme + buffer, (3) enzyme + substrate + buffer. 

4. The reaction is allowed to proceed for 18 hours at 40 °C. 

20 5. Terephthalate and its esters have characteristic strong absorbance peaks around 240 - 244 nm (e m - 10,000). 

Therefore, if these species are released to the liquid phase of the reaction by enzymatic hydrolysis, the absorbance 
of liquid phase of the reaction will be increased at these wavelengths. 

6. To determine if hydrolysis has occurred, one determines the absorbance of the liquid phase of the enzyme + 
25 substrate + buffer reaction at around 240 - 250 nm. The appropriate blanks (substrate + buffer, and enzyme + 

buffer) must be subtracted. These measurements can be carried out in a quartz cuvette in a spectrophotometer 
or a UV-transparent microtiter plate in a microplate reader capable of the required wavelengths. 

7. To confirm that the absorbance readings higher than the blanks are actually due to terephthalate compounds, 
30 an absorbance spectrum of the reaction mixture should be scanned from 220 - 300 nm. Only a peak around 240 

- 244 nm should be considered as actual reaction product. 

8. Terephthalic acid and diethyl terephthalate are commercially available. Their absorbance spectra should serve 
as standards. 

35 

(B) Assay for Enzymatic Hydrolysis of Long Chain Polyester Polymer Fibers Based on Binding of Methylene 
Blue (MB Assay) 

[0055] This assay utilizes the binding of methylene blue, a cationic dye, to the free carboxylate groups generated by 
40 hydrolysis of polyester. 

Materials: 

[0056] 

45 

Enzyme reaction buffer: 100 mM Tris, pH 8, containing 0.1% Triton® X-100 
Wash buffer: 100 mM MES, pH 6.0 
50 Dye solution: 0.1 mg/mL methylene blue in 1 mM MES, pH 6.0 

Dye elution buffer: 0.5 M NaCI in 10 mM MES, pH 6.0 
Dacron 54 woven polyester from Testfabrics. 
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